Instanton effects can give large contribution to strong interacting processes, especially at the energy scale where perturbative QCD is no longer valid. However instanton contribution to the gluon contribution in constituent quark and nucleon has never been calculated before. Based on both the constituent quark picture and the instanton model for QCD vacuum, we calculate the unpolarized and polarized gluon distributions in the constituent quark and in the nucleon for the first time. We find that the pion field plays an important role in producing both the unpolarized and the polarized gluon distributions.
Introduction
Due to the non-perturbative nature of QCD, when dealing with low-energy states of hadrons, such as nucleons, various models has to be adopted, the most important one is the parton model. The distribution of partons are described by the parton distribution functions (PDFs), one of the cornerstones of the calculation of high energy cross sections. PDFs are fit from experiment data, not calculated from first principles. Among various PDFs, the gluon distribution function in the proton give the dominant contribution to the cross sections, they are also of great importance in order to understand the so-called proton spin crisis [1] . The general form of interaction vertex of massive quark with gluon can be written as
where k 2 1,2 are the virtualities of incoming and outgoing quarks and q is the momentum transferred. The Anomalous Quark Chromomagnetic Moment (AQCM) is [2, 4, 7] µ a = F 2 (0, 0, 0) = − 3π(M q ρ c )
Based on both the constituent quark model for the nucleon and the instanton model for the nonperturbative QCD vacuum [3, 4] , we can calculate the gluon distribution function in the quarks and nucleons. The instantons are a result of tunneling effects in QCD, they can be considered as strong non-perturbative fluctuations of the gluon fields in vacuum which describes the non-trivial topological structure of the QCD vacuum. The average size of the instantons ρ c ≈ 1/3 fm is much smaller than the confinement size R c ≈ 1 fm. Furthermore, spontaneously chiral symmetry breaking (SCSB) induced by the instantons is partly responsible for the existence of constituent massive quark. The SCSB also has important effects in the hadronic reactions, such as in the spin-flip effects observed in high energy nucleon reactions [5] . Instanton contribution to such process was suggested in [6] . the connection between effective mass of the quark and the instanton vacuum is discussed in [4, 7, 8, 4] . Instanton contribution to the high energy inclusive pion production in the proton-proton collisions was discussed in ref [9, 10] .
2 Gluon unpolarized and polarized distributions in the constituent quark
The effective Lagrangian based on the quark-gluon chromomagnetic interaction that preserves the chiral symmetry [8, 4] reads
where µ a is the (AQCM), g s is the strong coupling constant, G a µν is the gluon field strength, and F π = 93 MeV is the pion decay constant. Expand above Lagrangian to the first order of the pion field, we get [9, 10] 
Where M q is the effective quark mass in the instanton vacuum [11, 3] . The strong coupling constant is fixed at instanton scale as α s (ρ c ) = g 2 s (ρ c )/4π ≈ 0.5 [4] . The Altarelli-Parisi (AP) approach is adopted to calculate the gluon distribution functions in the constituent quark [12] . The contributions from the perturbative QCD (pQCD) and the nonperturbative instanton-induced interactions are shown in Fig.1 . In the single instanton approxima- Figure 1 : a) corresponds to the contributions from the pQCD to gluon distribution in the quark. b) and c) correspond to the contributions to the gluon distribution in the quark from the nonperturbative quark-gluon interaction and the non-perturbative quark-gluon-pion interaction, respectively.
tion, the expansion parameter is δ = (M q ρ c ) 2 , which is relatively small with the value of the quark mass M q = 86 MeV in the effective single instanton approximation which we used here [11] .
The non-perturbative contribution with the pion, i.e. diagram c) in Fig.1 , has never been calculated before. By calculating the matrix element for the diagram c) in Fig.1 and performing the integration over x, we can obtain the unintegrated unpolarized and polarized gluon distribution in the quark. On one hand, the unpolarized gluon distribution produced by the perturbative QCD depends stronger on z than that produced by the non-perturbative interactions. Hence the pQCD dominates the large z region. On the other hand, the gluon distribution produced by non-perturbative quarkquark-gluon interaction is rather small in comparison with that from both the pQCD, a) in Fig.1 , and the non-perturbative interaction with pion, c) in Fig.1 , partly because of a larger final phase space due to an extra pion. At small z for all the contributions zg(z, Q 2 ) ≈ const, which is so-called Pomeron-like behavior. The polarized gluon distributions in the constituent quark are shown in Fig.3 . Again it is obvious that pQCD contribution to the polarized gluon distribution dominates in the large z region, where the non-perturbative interaction with pion dominates in small z region. Furthermore, pQCD contribution shows ∆g(z, Q 2 ) → const, while the non-perturbative contribution shows anomalous dependency as ∆g(z, Q 2 ) → log(z). When Q 2 increases, the pQCD contribution increases as log(Q 2 ρ 2 c ) while the non-perturbative contribution practically stays the same for
2 . Therefore, the non-perturbative interaction contribution to the gluon distribution can be ragarded as an intrinsic polarized gluon inside the constituent quark.
Gluon distributions in the nucleon
Knowing the gluon distribution in the constituent quark, we can use convolution model to obtain the gluon distribution in the nucleon. The PDF of the unpolarized constituent quark is taken to be
This PDF is in accord with the quark counting rule at large y this distribution. Its low y behavior and normalization are fixed by the requirements that dyyq V (y) = 1. For the polarized constituent quark distribution, a simple form is adopted to be
Which is also in agreement with the quark counting rule at y → 1. The normalization conditions has been fixed from the hyperon weak decay data (see [1] ) as 2 . This value of Q 2 is often used as the starting point for the standard pQCD evolution. Our result for the unpolarized gluon distribution, which is shown in the left panel of Fig.4 , is identical to the GJR parametrization xg(x) = 1.37x −0.1 (1 − x) 3.33 [13] . It is well known that the behavior of non-polarized gluon distribution at low x region is determined by the exchange of Pomerons. Pomeron exchange effects play a very important role in the phenomenology of high energy reactions. Our results shown in Figs.2,4 indicate the existence of two different kinds of Pomerons, the "hard" pQCD Pomeron and the "soft" non-perturbative Pomeron, they have quite different dependency on x and Q 2 . Our calculation strongly supports two kinds of Pomerons pictures which can explain many experimental data in both the DIS data at large Q 2 and the high energy cross sections with small momentum transfer [14] .
Proton spin problem
The polarized gluon distribution is shown in the right panel of Fig.4 . The fraction of nucleon momentum that carried by the gluons G(Q 2 ) = dx∆g(x, Q 2 ) are presented as a function of Q 2 in Fig.5 . It is clear that the non-perturbative interaction without pion gives a small contribution to unpolarized gluon distribution. Furthermore, such contribution is zero for the polarized gluon case. For Q 2 > 1/ρ 2 c , the main contributions to both the unpolarized and the polarized gluon distributions come from pQCD and the non-perturbative interaction with the pion.
Jaffe and Manohar decomposed the proton spin into[15]
where the first term is quark spin, ∆G = 1 0
dx∆g(x) is the gluon polarization and the last two terms are quark and gluon orbital momentum. The key problem is to explain discovered small value of the proton spin carried by quark. At present we have ∆Σ ≈ 0.25 [1] , which is in bad agreement with ∆Σ = 1 given by the non-relativistic quark model. Shortly after the EMC data which reveals such discrepancy between experiment and theoretical predictions, the axial anomaly effect in DIS was brought out and considered to be the primary candidate as a remedy for the dilemma. [16] . For three quark flavors, it gives following reduction of the quark helicity in the DIS A big positive gluon polarization is needed, ∆G ≈ 3÷4, in order to explain the small value of ∆Σ DIS . However, modern experimental data from the inclusive hadron productions and the jet productions have exclude such a large gluon polarization in the accessible intervals of x and Q 2 [17, 18] , and so does our model (see Fig.5, right panel) . Therefore, the axial anomaly effect, suggested in [16] , cannot explain the proton spin problem. We should stress that the helicity of the initial quark is flipped in the vertices b) and c) in Fig.1 . As the result, such vertices should lead to the screening of the quark helicity. It is evident that at the Q 2 → 0 such screening vanishes as shown in Fig.5 and the total spin of the proton is carried by its constituent quarks.
We would like to emphasis that in our approach, our model enables us to calculate the unintegrated gluon distribution function, which is of essential importance in many application, such as the calculations of high energy various reactions.
Conclusion
We show that the quark-gluon-pion anomalous interaction gives a very large contribution to both the unpolarized and polarized gluon distributions. It means that pion field plays a fundamental role to produce both gluon distributions in hadrons. The possibility of the matching of the constituent quark model for the nucleon with its partonic picture is shown. The phenomenological arguments in favor of such a non-perturbative gluon structure of the constituent quark were recently given in the papers [19, 20] . We also pointed out that the famous proton spin crisis might be explained by the flipping of the helicity of the quark induced by non-perturbative anomalous quark-gluon and quark-gluon-pion interactions.
